Recent palaeomagnetic results from coeval Silurian sedimentary and volcanic rocks of Newfoundland yield contradictory results, with shallow characteristic directions recorded by the redbeds and steeper characteristic directions recorded by the volcanics. In their recent paper on the Springdale Group redbed, Hodych & Buchan (1994a) argue that the redbed magnetization is more reliable based on a fold test, dual-polarity magnetization, conglomerate test and an IRM acquisition experiment specifically designed to test for compaction or inclination error. Accordingly, these authors dismiss the volcanic results as well as the Silurian reference poles for Laurentia, citing possible remagnetization or other complications. However, we argue that the IRM experiments of Hodych & Buchan (1994a) are flawed and do not necessarily resolve the question of inclination error. Moreover, we point out that the conglomerate test is incomplete and that the proposed tectonic reconstruction based solely on the redbed magnetization implies a unique tectonic scenario that is incompatible with out present understanding of Silurian palaeogeography.
In their recent paper on the Springdale Group redbeds, Hodych & Buchan (1994a) present palaeomagnetic results that place Newfoundland near equatorial palaeolatitudes during the Silurian. These results are in agreement with palaeomagnetic results from previous studies of the Springdale Group (Potts, van der Pluijm & Van der Voo 1993a ) and other Silurian redbeds of Newfoundland (Lapointe 1979; Buchan & Hodych 1989 ; Potts, Van der Pluijm & Van der Voo 1993b) but are significantly different from coeval volcanic rocks from Newfoundland (Potts et al. 1993a; Gales, van der Pluijm & Van der Voo 1989; Lapointe 1979) as well as volcanics from Nova Scotia (Van der Voo & Johnson 1985; Johnson & Van der Voo 1990) , that indicate much higher southerly palaeolatitudes at this time. Discrepancies in palaeolatitudes determined from coeval sedimentary and volcanic rocks are not unique to Newfoundland. Southern Alaska (Coe et al. 1985) and southern Britain (Torsvik et al. 1993) contradictory palaeolatitudes. These discrepancies have been alternatively explained as deflection of the remanence vectors to shallower directions because of compaction or other techonic strains, preferential remagnetization of one of the rock types or unaveraged secular variation in the volcanic rocks. Hodych & Buchan (1994a) argue that their mean direction for the Springdale Group is a reliable primary magnetization based on a fold test, dual-polarity magnetization, conglomerate test and an IRM acquisition experiment specifically designed to test for compaction or inclination error. From their results, the authors then irifer that the Springdale and Wigwam redbed magnetizations provide the correct palaeogeographic position for Laurentia in the Silurian. Accordingly, these authors not only dismiss steeper directions from the volcanic rocks but also results from other Silurian sedimentary units in the central Appalachians and Indiana on the basis that they are less reliable; either because of inadequate structural control or unaveraged secular variation in the case of the volcanics or unrecognized remagnetizations of the Silurian rocks in the central Appalachians. These conclusions have obvious and important implications for circum-Iapetus palaeogeography, because they suggest that Laurentia stayed in equatorial palaeolatitudes for much of the middle Palaeozoic.
Upon closer examination of the methods and results in the paper of Hodych & Buchan (1994a) we argue that the rock magnetic study is flawed and does not resolve the question of possible inclination shallowing. We also point out that the conglomerate test is incomplete and that the proposed tectonic reconstruction based solely on the Springdale and Wigwam results implies a unique tectonic scenario that is incompatible with out present understanding of Silurian palaeogeography. Therefore, although the palaeomagnetic directions from the Hodych & Buchan (1994a) study appear to be well determined and agree with other recently published observations from the Springdale redbeds (Potts et al. 1993a) , the question of why sedimentary and volcanic rocks yield different directions remains unanswered and awaits further investigation.
IRM EXPERIMENTS
To test for possible inclination shallowing or compaction error, Hodych & Buchan (1994a) used a simple IRM experiment in which they applied an isothermal D C field to selected samples at 45" to bedding in increasing field strengths between 10 and 800 mT. The resulting IRMs were then measured and plotted as the vertical component (IRM,) against the horizontal component in the direction of the applied field (IRM,). The samples are then thermally demagnetized and the same ratio is again plotted. There are several important limitations to this method.
(1) The applied fields are too small to magnetize most of the haematite fraction. This can be seen in their Figs 8(a) and 9(a), in which the IRM acquisition curves are still increasing at 800 mT; haematite does not reach saturation until applied fields in excess of 3000 mT (e.g. Dunlop 1970) and may not reach saturation in fields up to 8000mT (Nagata 1961) . The authors argue that this is not a significant problem because thermal demagnetization of the IRM shows unblocking temperatures near 680 "C, similar to the unblocking of the natural remanent magnetization (NRM). However, in haematite, coercivity and unblocking temperature are not strongly coupled. Unblocking temperature is primarily a function of grain size (NCel 1949; Dodson & McClelland-Brown 1980) such that larger grains have a higher unblocking temperature. Coercivity is a function of crystalline anisotropy (Stacey & Banerjee 1974) , although coercivity may also be strongly influenced by defects in the crystal lattice. In fact, the role of lattice defects is poorly understood (cf Dunlop 1970 Dunlop , 1971 , which itself makes interpretation of the IRM results problematic.
We suggest that the low applied fields in this experiment preferentially magnetized the unstable fraction of haematite (probably the multidomain grains) that do not contribute to the characteristic remanent magnetization. Because these grains may be relatively large, it is not surprising that they unblocked at temperatures near 680 "C despite their low coercivities. The higher coercivity haematite, those grains that most likely carry the Silurian remanence in these rocks were never remagnetized by the applied IRM fields and thus, any preferential orientation of these grains relative to bedding was not directly tested. In fact if the graph in Fig.  8 (a) is extrapolated to higher fields, in the range near haematite saturation, it appears that the increasing difference between the intensity of the IRM, compared to IRM, would lead to the opposite conclusion, i.e. that significant deflection of the rernanence within bedding has occurred.
(2) The approach of using only one direction of induced magnetization does not adequately describe the fabric of the constituent haematite grains. The essential idea is to determine the preferred orientation of the haematite basal planes relative to bedding, because, as noted by the authors, remanence in haematite lies within its basal plane. Similar to the anisotropy of magnetic susceptibility, the anisotropy of remanence can be completely described by a symmetric second-order tensor. Such a tensor quantity requires a minimum of six independent .orientations of IRM acquisition, five more than used in the Hodych & Buchan (1994a) experiment. This problem is compounded by the fact that an IRM is an inadequate substitute for NRM or CRM, especially because of the higher stability of IRM in multidomain grains (Lowrie & Fuller 1971; Nagata 1961) .
(3) Recent work of Deamer & Kodama (1990) and Sun & Kodama (1992) show that significant shallowing of the NRM can occur during the initial consolidation of the sediments matrix grains. Inclination shallowing during this initial consolidation phase is not accounted for by the theoretical relation of Jackson et al. (1991) .
CONGLOMERATE TEST
The authors present a positive conglomerate test as evidence that the magnetization in the redbeds has not been thermally reset and by inference that it is primary in the sense that it was acquired at or near the time of deposition. This conclusion would also be reached by considering the fact that maximum temperatures experienced by most redbeds in mildly deformed terranes (generally lower greenschist facies) are not nearly high enough to thermally reset the magnetization (Kent & Miller 1988) . It seems much more likely that if these redbeds are remagnetized, then this secondary magnetization would be a CRM.
The test used by Hodych & Buchan (1994a) is incomplete because the clasts in the conglomerate are volcanic and not composed of the same material as the remanence yielding redbeds. It is possible that the redbeds were chemically remagnetized after the deposition of the conglomerate and that this chemical remagnetization did not alter the rhyolite clasts in the conglomerate. There are examples in both southern Britain (Torsvik et al. 1993) and Alaska (Coe et al. 1985) where the more stable volcanic rocks avoided chemical remagnetization while the surrounding sediments were reset. Viewed in this light, the conglomerate test presented by Hodych & Buchan (1944a) does not add to the reliability of the remanent magnetization of the Springdale Group.
IMPLICATIONS FOR A P P A R E N T POLAR W A N D E R
(1) Hodych & Buchan (1944a) (2) The suggestion that results from the Dunn Point Formation volcanics are unreliable because of a 'controversial age of magnetization' relative to folding is misleading. Johnson & Van der Voo (1990) show that bedding corrections used by Seguin, Rao & Deutsch (1987) to argue for an inconclusive fold test and hence, unconstrained age of magnetization, were incorrect. When the correct values for bedding are used, the magnetization predates folding. The matter can only be considered controversial if it is shown that the actual bedding attitudes are different from those so carefully measured by Johnson & Van der Voo (1990) Fig. l(a) . The palaeoposition of Laurentia is based on an average of the Scottish Newer Granites (415-435 Ma) using a Bullard et al. (1965) Fig. lc) , the data collectively suggest closure of the Iapetus Ocean across the British sector during early-mid Silurian times (Llandovery-Wenlock) as well as Scandian convergence (circa 425 Ma) between Laurentia and Baltica (Fig. la) .
Conversely, Hodych & Buchan (1944a) discard the North American palaeomagnetic data, and by implication the Scottish palaeomagnetic data, because the latter terranes formed a coherent part of Laurentia prior to the break-up of the North Atlantic in the late Mesozoic; hence invalidating the reconstructions of Torsvik et al. (1993) . A reconstruction that relies solely on the Springdale, Wigwam, and King George IV redbeds places Laurentia in a lower latitudinal position (Fig. lb) , and implies that the Iapetus across the British sector is wide open (1000-1500 km; Fig. lc 
CONCLUSIONS
After close examination of the experimental method and results presented in Hodych & Buchan (1994a) , we conclude that their results simply do not support the contention that Springdale and Wigwam results are the most reliable Silurian directions for North America. The TRM tests used to detect inclination shallowing are problematic and may not be applicable to this problem. The conglomerate test used to argue for a primary or near primary magnetization only reinforces the already established conclusion that these redbeds were not thermally remagnetized. It does not prove a DRM or a pDRM origin nor does it prove a Silurian age for the magnetization. Finally, the authors omit or dismiss other important Silurian results that directly relate to questions of North American palaeography. These other data contradict their contention of an equatorial palaeolatitude for Newfoundland in the Silurian, a palaeogeographic position that appears difficult to reconcile within the framework of established continental reconstructions. We suggest that the shallow inclinations from the Springdale and Wigwam redbeds relative to coeval volcanic units remain enigmatic and future study is needed before remagnetization, compaction or other strain-related modifications of remanence can be ruled out. Until this enigma is resolved and given the palaeogeographic considerations outlined above, we submit that the steeper directions from the volcanic units represent the more reliable estimate of the Silurian palaeofield for Newfoundland. 
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